Abstract. The dynamic behavior of multi-section constructions with clearance during extending and retracting motion of the sections is analyzed. First, an appropriate physical modeling is introduced before next, the governing boundary value problem is derived by applying Hamilton's principle. Then, a classical discretization procedure is used to generate a coupled system of nonlinear ordinary differential equations as the corresponding truncated mathematical model. Performing appropriate simulations to be verified by results of an alternative software package and partly validated by some preliminary experiments, the vibrational behavior of the suggested type of multi-section telescoping systems can be studied in detail.
Introduction
Graduated multi-section systems of structural components extending and retracting inside each other are interesting technical systems, e.g., mobile cranes, rack feeder, etc. (see [1] , for example and Figure 1 ). Due to overall rigid body translation or slew maneuvers combined with the extending and retracting motion of the sections, bending vibrations of the system perpendicular to the telescopic axis occur. In technical applications these vibrations lead to a reduction of the efficiency and to safety problems so that a controlled vibration suppression seems to be useful.
A first step to develop efficient and safe multi-section constructions is an appropriate modeling of such systems and the examination of the vibrational behavior, which is the objective of the present contribution. Then, a controller concept for preventing the harmful vibrations can be developed in a second step, to be presented as another paper in the near future.
Considering the introduced physical model, Hamilton's principle is applied to derive the governing boundary value problem. Galerkin's method based on admissible shape functions is used as a discretization procedure to generate a system of coupled ordinary differential equations. For extended parameter studies of multi-section telescopic systems, a program based on the commercial software package MAPLE is implemented to generate the equations of motion automatically starting with the system parameters. In general, the equations of motion are nonlinear and time-variant. Performing appropriate simulations, the vibrational behavior of multi-section telescoping systems can be studied in detail.
Physical Model
From the viewpoint of mechanics, a nonlinear field problem of vibrating structural members with variable geometry has to be considered. Material surface areas of particular components move along surface areas of other components and define complicated boundary and transition conditions. The clearance produces nonlinear effects. In many applications, e.g., the rack feeder shown in Figure 1 or for mobile cranes, the different segments are slender and can be modeled as Bernoulli/Euler beams mounted on a rigid vehicle unit and carrying at some location, e.g., at the end of the last section, a load unit assumed to be rigid. The vehicle unit together with the first deformable segment and all the other segments (one of them together with the load) perform transverse motions and the extending or retracting motion of the sections is supplemented. The vehicle motion is either prescribed owing to ideal sources of energy or controlled by real power supplies, resulting in bending vibrations of the beams. The contact regions between two sections are modeled as discrete point contacts. A special feature of the modeling is to introduce the reaction forces at the contact points in the form of distributed line loads (by using Dirac impulse functions), so that for the contacting sections elementary boundary conditions remain. The contact formulation itself takes place via one-sided spring-damper elements.
The procedure is illustrated in Figure 2a for a two-section telescopic beam system mounted on a rigid traverse performing a translational motion accompanied by an extending motion of the two beam segments with defined clearance between them. 
